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ABSTRACT

The knee is a mobile functional anatomical unit
which plays a key role in recreational function. In
the last three decades, the knee has received a great
deal of attention in the sports medicine literature,
particularly in respect to isolated ligament patholo-
gy and management. In reference to combined
multiple ligament pathology, a more limited num-
ber of articles exist, and indeed lead to confusing
management. Although hundreds of publications
address the topic of surgical correction of the ante-
rior cruciate ligament (ACL), debate continues
regarding clinical intervention for the patient with
combined ACL and medial collateral ligament
(MCL) management. Issues exist which the clini-
cian must consider, including which structures
require repair, timing of surgical intervention, and
rehabilitation approaches. This article will attempt
to define a treatment algorithm for the clinician to
consider with simultaneous injury to the ACL and
MCL. 
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the distal segment.5,6,7 The application of a valgus force at
the knee  results in ACL/MCL tears, lateral compartment
bone bruise, and lateral meniscus tear. Grood et al8

described the primary restraint ligaments and secondary
structures to function like cables on a bridge, with pro-
gressive force application causing an increase in the strain
that is applied to the primary ligament, as well as the sec-
ondary stabilizers. At 20 degrees of knee flexion, the MCL
is the primary stabilizer to the medial compartment, with
the posterior medial capsule providing a critical secondary
role. 

The physical exam defines the extent of pathology to the
medial ligament system and directs the clinician in the
establishment of the initial phase of treatment. Evaluation
of the medial compartment requires practiced skill of the
clinician to control the direction of the evaluation forces
and unwanted secondary motion. Avoiding tibial rotation
while evaluating valgus rotation is critical to a reliable and
valid evaluation technique. If external tibial rotation occurs
with the evaluation, ensuing tension in the posterior medi-
al corner will have a negative result on the evaluation.  A
bilateral comparison serves to provide a baseline for the
clinician when testing the non-involved extremity first.

With a medial injury, three potential findings exist;
• Medial pain with no increase in translation =  grade 1
• Medial pain with increased translation up to 5 mm = 

grade 2
• Medial pain with increased translation in excess of 

10 mm= grade 3

If ACL or PCL pathology concurrently exists with the MCL
pathology, valgus translation will be increased in the 0
degree position and in hyperextension. The related cruci-
ate injury will be corroborated by a positive result with
either the Lachman’s test or appropriate PCL laxity test
maneuver.

The authors suggest that a confirming magnetic resonance
imaging (MRI) be performed to identify all possible inter-
nal joint derangements.  This completes the loop and aids
the clinician in the development of a comprehensive treat-
ment program to include a conservative component and
staging of the surgical procedure to assure higher success
rate.

INITIAL TREATMENT ALGORITHM: 
THE CINCINNATI EXPERIENCE
Establishing a treatment pathway is based on a tiered
approach with the dependent variables including but not

INTRODUCTION
The evolution of rehabilitation over the last 20 years has
been to establish pathways with a foundation using evi-
dence-based principles. However, if one uses the classic
definition of evidence-based protocols with regards to the
multiple ligament knee injury (MLKI), the results will be
restricted when compared to the depth of structures such
as the anterior cruciate ligament (ACL) or posterior cruci-
ate ligament (PCL) in isolation.1 Multiple authors2-5 have
demonstrated results of non-operative intervention in the
isolated medial  colateral ligament (MCL) injury model.
These studies have investigated parameters such as surgi-
cal correction, immobilization, and early functional
rehabilitation in the patient with an isolated MCL injury.
The reported outcome appears favorable, however, a small
percentage of patients continue to demonstrate residual
instability at four years post injury.2 The model of both
early motion and immobilization result in similar success
with return to functional activity.2 Lundberg et al3 reported
a 74% return to normal knee function by three months
post injury; 87% had return to normal function by four
years; and by ten years only 13% demonstrated medial
compartment osteoarthritic (OA) changes.  Nonoperative
and operative treatments of patients with MCL injuries
lead to equally positive results.  Additionally, MCL rup-
tures need not be treated operatively when the ACL is
reconstructed in the early phase.4

The evolution of management of multiple ligament
injuries to the knee received greater attention following
O’Donoghue’s5 1970 description of the “Unhappy Triad
Injury.” He reported on the relationship of MCL, ACL, and
medial meniscus injuries as they relate to sport specific
functions. These injuries represent a complex mechanical
pathology which initiated a debate over the correct surgi-
cal management in an era of sports medicine when both
surgical and rehabilitation procedures where in their infan-
cy. O’Donoghue5 was one of the first authors to discuss the
effects of the valgus force at the knee from loading
response through mid-stance, and the resultant strain to
the injured MCL. He further described the anatomical rela-
tionship of the MCL to the medial meniscus and proposed
gait demands as an indicator for treatment intervention. 

Review of Injury Mechanism and Ligament
Evaluation
Injuries to the knee follow a specific and well-defined
pattern, resulting in high force production until tissue fail-
ure occurs. Multiple studies describe the key mechanism
as an externally applied valgus force with the foot fixed at
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limited to ACL tear, degree of MCL tear, medial or lateral
meniscus tear, chondral surface damage, and capsular
injury. The period of time between injury and surgery also
varies based on the severity of the injury and tissues
involved. Control of the post-injury sequelae of range of
motion (ROM), muscle control, allowance of time for scar-
ring of the MCL, and protection of the region of the bone
bruise will be factors in determining the time of surgical
correction. 

Grade 1 MCL – Injury with or without meniscus damage
ACL surgery within one week; no pre-surgery motion
restriction.

Grade 2 MCL – Injury with or without meniscus damage
ACL surgery within two weeks; a seven day period of
motion limitation (brace locked at 30 degrees but full
motion preformed in rehabilitation on a daily basis, and
after seven days the brace is unlocked to full motion).

Grade 3 MCL – Injury with or without meniscus damage
ACL surgery at three weeks with a 10 day motion restric-
tion period (brace locked at 30 degrees and full motion is
preformed in rehabilitation starting day seven after injury,
and brace unlocked after 14 days).

Among those patients with ACL/MCL injuries, two distinct
groups exist, each with different prognoses related to
return of motion based on the location of the MCL disrup-
tion.  Patients with double-ligament injuries, where the
MCL lesion is proximal, should be managed very aggres-
sively to regain motion.9

The consequence of the bone bruise when present will
result in restriction to weight bearing forces during this
phase of the rehabilitation program. From the time of the
initial injury until the completion of the post surgical reha-
bilitation phase, weight bearing is controlled. The post sur-
gical weight bearing will be addressed in a later section.
Likewise, meniscus involvement ranks higher in priority
in reference to weight bearing, an MRI evaluation can
identify the degree, position, and compartment of the
meniscus tear, and may dictate weight-bearing progression
with lateral meniscus requiring greater protection. The
restriction for weight bearing post surgery would also be
premised on the meniscus compartment and tear location. 

NON-OPERATIVE TREATMENT
Currently, the standard of care for the patient with MLKI
is surgical reconstruction of disrupted ligaments and repair

of the collateral ligaments when complete disruption of
the fibers occurs.  However, because of the complexity of
the patient with MLKI, often concomitant neurological or
vascular issues can arise delaying or preventing surgical
intervention all together.  Wascher et al10 cited a 10% inci-
dence of life-threatening chest, abdominal, and head
injuries in the patient with MLKI.10 In addition, other mus-
culoskeletal issues can occur to the surrounding hip,
femur, and tibia.  Of particular concern, is the popliteal
artery and peroneal nerve, which can be easily affected
with varus force at time of injury.  Both structures need to
be assessed at time of injury to ensure immediate care.

Because of these issues and the fact that every patient
should be treated on an individual basis, select times exist
when surgery on these patients is not performed.  In these
cases, the definitive treatment is not well-defined.
Treatments for this population range from extended immo-
bilization and external fixators for complete dislocations to
immediate motion, preferring laxity to scarring of tissue.
The decision making process is highly dependent on the
degree of injury, patient type, and surgeon’s preference.
In a young and athletic population, however, surgical cor-
rection is almost always recommended.

POST-OPERATIVE REHABILITATION
PHASE I:  Program Objectives
The key is to identify the rehabilitation components that
the therapist must address in order to restore normal func-
tion, and then progressing the exercise program to higher
levels of function until the patient achieves an optimal
level of function. The therapist considers a staged
approach, and must assess the interaction of how one com-
ponent is influenced by another. The components of the
program include:
• Regulate post-surgical pain to avoid influence on ROM 

and muscle contraction.
• Reduce post-surgical hemarthrosis to avoid muscle 

shutdown and arthrofibrosis.
• Re-establish joint ROM as the primary objective in order 

to avoid deleterious motion loss.
• Advance weight bearing and development of normal 

gait mechanics without affecting the biological graft. 
• Establish early exercise sequences to recondition the 

muscular system while minimizing risk to biological 
graft.

• Re-train the mechanoreceptor system through 
proprioception program.
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• Establish subjective and objective data to identify 
deviations from norm to minimize influence on the 
outcome.

• Establish a functional algorithm to verify functional 
progression. 

• Progressive functional return to activity and sport.

In addition, outcome success is dependent on the under-
standing that patients have intrinsic and extrinsic variable
factors that influence the level of activity to which they
return. Intrinsic factors may include, but not be limited to,
tissue type, muscle type, potential for excessive scar for-
mation, general medical well being, osseous alignment,
lower extremity mechanics, and compliance to program.
Extrinsic variables include, but may not be limited to,
social habits, use of nicotine products, environmental situ-
ations, and economical reality. Rehabilitation requires the
therapist to address many of these issues.1,11

Re-establishing Range of Motion
The first goal in the rehabilitation program is obtaining full
ROM.  The use of continuous passive motion (CPM) after
surgical procedures arose from a combination of animal
and human studies in the late 70’s and early 80’s.12-15 The
primary focus of these studies was to assess forces applied
by early motion on the biological graft and surrounding tis-
sues. This was a 180 degree shift in post surgical manage-
ment. The rationale for the changing philosophy was the
morbidity of the joint associated with prolonged immobi-
lization. Early studies were undertaken to determine if
early use of CPM would provide a positive influence on
graft re-vascularization and collagen regeneration, but find-
ings demonstrated no cause and effect relationship. The
positive findings identified with these studies included ear-
lier redevelopment of ROM, decreased post surgical pain,
decreased joint hemarthrosis, decreased scar tissue, and
maintaining viability of the articular cartilage in the joint.

Currently, the recommendation for the use of a CPM
machine immediately post surgery is 10 to 12 hours/day
until the unit is at maximum range.  Most patients are able
to tolerate a gradual increase in motion, discontinuing the
unit after seven to 10 days. On average, the patients adjust
their motion 10 to 15 degrees a day.  If CPM is not desired,
self-ranging exercise can be preformed utilizing the contra-
lateral extremity on an hourly basis. 

Weight Bearing
The second goal in the early rehabilitation period is the
progression of the weight bearing process. Again, a range

of weight bearing progression exists in current protocols,
some of which advocate immediate full weight-bearing in
a locked extension brace, while others advocate the use of
crutches for upwards of four to five weeks. The concept of
immediate full weight bearing programs has prevailed
with the thought that the weight bearing facilitates faster
extensor mechanism return.  No data appears to support
this claim and the patient may accommodate for a poor
extensor mechanism by ambulating in a leg vault gait pat-
tern.16,17 Allowing an asymmetrical gait pattern secondary
to extensor mechanism weakness leads to the potential
development of a recurvatum at the midstance position.
This recurvatum may result in an unwarranted side-effect
of a prolonged altered gait pattern at midstance, due to
poor extensor eccentric control as the knee attempts to go
into flexion of 15 to 20 degrees. Our approach has evolved
to allow immediate partial weight bearing in either a pro-
tective ROM device or no brace at all. From the initial
phase, gait mechanics are retrained without compensation
beginning on the first day.  Concurrently, the patient is
placed in a gait training program to emphasis the proper
position and strength.  To progress the weight bearing pro-
gram, the clinician must assess the factors that influence
the gait pattern and the biological graft:

• Motion must progress as weight bearing is advanced.  
• Extensor strength is able to control 0 degrees ROM 

without extensor lag. 
• Joint effusion is resolving as demonstrated by objective 

measures.
• Joint arthrometer evaluation is not significantly  

changed on a test retest basis.
• Pain control has been achieved to avoid sympathic 

maintained pain patterns. 

A post-surgical knee orthosis is fitted at the time of surgery
to allow for early weight bearing with crutch support.  The
brace is unlocked to allow for normal gait mechanics and
avoidance of deviations commonly seen with patients in a
locked brace.  These deviations include a vaulting gait, cir-
cumduction of the involved lower extremity, or avoidance
of weight bearing on the limb.  

Muscle Re-education
Re-establishing muscle control after joint surgery over the
last 20 years has changed dramatically and has many dif-
ferent pathways. This process of re-establishing muscle
control is initiated immediately, compared to 30 years ago
when the patient was casted for six weeks or longer. The
evolution has been brought about by basic scientific stud-
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ies allowing a better understanding of joint compression
forces, exercises forces applied to the ligament, improved
surgical techniques, and avoiding joint morbidity effects.

Initially, the goal is to simply retard the effects that joint
hemarthrosis and surgical pain have on the muscle by
causing reflex shutdown. The classic use of isometrics,
open chain isotonics such as active range of motion with
the weight of the ankle, and straight leg raises can be ben-
eficial.  These exercises are generally low load and inde-
pendently may not prevent the disuse muscle atrophy that
affects the knee joint. 

Over the years many exercise approaches have been advo-
cated and in some cases are associated with several com-
plications. Although the trend is to accelerate patients,
patellar tendonitis is common with a 9% occurrence rate.17

Of greater concern is the development of patello-femoral
arthritis, which has been reported in a 7% to 51% range in
association with ACL reconstructions.17 Early phase exten-
sor mechanism exercises may generate large forces across
the articular surfaces of the patella. Rehabilitation, there-
fore, must not only account for the healing graft, but also
patella protection. Patellar degeneration is unpredictable
and varies among patients especially with reference to age
range. Shino et al18 reported that on second look
arthroscopy 51% of allograft patients demonstrated patellar
changes, yet only 17% of the patients reported subjective
complaints.  Autograft studies describe subjective com-
plaints ranging from 7% to 29%.11,19,20 Another associated
complication leading to patella complaints is infra-patellar
contracture syndrome, described as a distal migration of
the patella secondary to scaring in the fat pad, or a short-
ening of the patellar tendon, which can occur after sur-
gery.21 In this scenario, the patella is displaced onto the
trochlear surface, consequently increasing patellar com-
pression and shear load. Maintaining adequate extensor
mechanism control in the zero degree position can help
avoid these complications.  In addition, emphasizing early
patellar mobilization immediately following surgery can
help to prevent infra-patellar contracture later in the reha-
bilitation process.  

In order to both understand the process of neurologically
induced muscle shutdown and to develop rational treat-
ment approaches, the therapist must understand the reflex
inhibitory mechanism. The key to this process is historical
and well defined. Newton22 identified four neural compo-
nents to the mechanoreceptor system; these either inhibit
or facilitate muscular response to input. Kennedy et al23

demonstrated the influence of joint pressure on
mechanoreceptors as inhibitors resulting in extensor
mechanism shutdown; however, this study did not quanti-
fy muscle loss percentages. In 1984, the senior author
described how a mere 70 cc’s of injected saline reduced iso-
metric output of the knee by 37% in a normal joint.24

In the last 15 years the use of muscle stimulation has
gained wider acceptance and is now considered part of
standard care.11,25,26 Attempting to achieve two objectives,
the rehabilitation program utilizes electrical currents in an
attempt to reduce the influence of pain as well as re-estab-
lish muscle control of joint motion.  Immediately following
injury, the use of a stimulation unit to modulate pain helps
to provide control of a patient’s subjective complaints.  This
control is achieved using TENS type stimulation, such as
an Empi 300PV system (Empi, St. Paul, MN) utilized on a
24 hour a day basis.  Secondly, the Empi 300 PV is pro-
grammed so that voluntary muscle control of the extensor
mechanism is facilitated with the assistance of muscle
stimulation applied to the vastus medialis oblique muscle
region and the proximal location of the femoral nerve. The
goal of this program is to augment and produce a stronger
contraction of the extensor mechanism. As a patient’s pro-
gram progresses and the extensor mechanism becomes
able to achieve a 0 degree position, the patient is moved to
more closed chain functional positions to replicate chal-
lenges of maintaining the knee in ideal positions for activ-
ities of daily living and sports.  

PHASE II:  Program Objectives
Typically during the six to 12 week time period, patients
graduate to advanced neuromuscular and functional train-
ing.16,27,28 At this time, exercise intensity is increased to allow
for the muscle adaptation, a requisite for sport-specific
demands.  Areas of importance and emphasis during this
time period are muscle strength, power, endurance, and
control.  Aspects of acceleration, deceleration, and reflex
response are slowly integrated into the rehabilitation pro-
gram.  The progression of training should increase the
duration of the exercise session first, then increase the
intensity of the workload, and finally integrate functional
training with sport specific drills.

Muscle Re-Education
During rehabilitation, emphasis should be placed on train-
ing the entire kinetic chain, not just the involved lower
extremity. Proximal stabilization is of particular impor-
tance to the athlete and should be incorporated from the
early postoperative phase until return to sport.  The hips,
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pelvis, lumbar spine, and abdominal musculature are areas
of primary focus.  Straight leg raises are initiated early and
progress to higher resistance, providing early stage training
but limited functional carry over. In essence, these exer-
cises are isometric to the vasti group; the long lever arm
minimizes the total amount of resistance. 

To initiate training for rapid response time of the muscles
that are required to control tibial translation involves incor-
porating high-speed training of the proximal stabilizers of
the hip and pelvis. This proximal strategy is part of the core
stabilization program. Core muscle group training includes
bridges using bilateral lower extremities, which progress to
bridges with single limb support and alternate leg exten-
sion.  Single leg bridges are held for 10 seconds at a time.
Single leg bridges are a more advanced core stability
exercise and should be performed for both involved and
uninvolved extremities.  At this point, side-lying bridges
should also have been implemented, advancing by abduct-
ing the contra-lateral arm and using weights to increase the
balance component.  It is important to continuously rein-
force proper lumbo-pelvic positioning while avoiding
faulty patterns.  Abdominal and oblique muscle exercise
advancement is paramount during this phase of rehabilita-
tion.  Dynamic rotation, plyometric sit-ups, and power
training are progressed at this time.  All of these exercises
can be performed in supine, standing, and in sport and
position-specific athletic positions, all of which emphasize
total body control and stabilization.

Open kinetic chain knee exercises are continued during
this phase.  Both isotonic workloads and isokinetic training
sessions are helpful.  Care must be taken to protect the
healing graft and to avoid patellofemoral joint irritation.
Isotonic extension work should be limited to arc of 90-30
degrees, and heavy resistance loads should be avoided.
Hamstring workload is not limited, unless a posterolateral
capsule or meniscal involvement exist.  The senior author
has advocated an approach utilizing higher velocity for
evaluation and training to protect the patella and graft. 27,28

In closed chain training 0 degree stops are used to prevent
knee hyperextension.  Markolf et al29 reported that hyper-
extension ROM placed the highest forces on the ACL.29

Closed kinetic chain training also plays a primary role in
ACL rehabilitation. This rationale is based on the perform-
ance of functional training and strengthening simulating
both sport specific movement and those associated with
activities of daily living.  The literature supports this train-
ing based on data from both cadaveric and in vivo models.

Both Beynnon et al30 (performing in vivo measurement)
and Wilk et al31 (by mechanical methods) predicted low
strain on the ACL in the closed chain position.  They also
reported that the quadriceps and hamstrings muscles co-
contract to protect the ACL graft against strain.30,31 Others
also report that the closed chain position allows exercises
for early resistance training to the lower extremity.32

Particular emphasis should be placed on single leg training
to enhance neuromuscular control of the knee.  Focus on
postural awareness and postural stability in the single limb
supported position is paramount for an athlete to return to
competition. Athletes in competition spend a critical
amount of time in the single leg position, executing move-
ments such as running, cutting, pivoting, jumping as well
as various acceleration and deceleration maneuvers.  As
part of the rehabilitation continuum to successfully return
an athlete to their prior competitive level, training and
assessment of proper landing mechanics is performed
early in the program. In patients with weak proximal joint
segments, valgus (at the knee) and internal rotation (at the
hip) increase the strain on the ACL. Landing training
begins with the eccentric step down program and builds to
dynamic and responsive stability in the single leg exercise
position.33

Training in the single leg position is progressed from a very
controlled environment, focusing on balance in addition to
posture and control of the entire kinetic chain.  Dynamic
stability is gradually introduced by altering the base of sup-
port, involving the upper extremities, incorporating sport
specific activities, and lastly implementing rotational com-
ponents to the program.  Kicking exercises with resistive
bands at high speeds can be performed at the five to six
week time period as a rhythmic stabilization drill.  Lunging
exercises are progressed by means of altering surfaces, pro-
viding manual perturbations, and eventually, performing
sport specific tasks.  Single limb training promotes stabi-
lization of the entire lower extremity and should be
performed concurrently with the hip/pelvis/trunk stabi-
lization program previously described.  The athlete must
learn to control the body as it transitions from one point to
the next, including forward, backward, and lateral
movements.

Between weeks six and 12, overall strengthening and
stabilization of the lower extremity continues; however,
speed of performance is also progressively emphasized.
Many exercise variations exist that can be implemented
early that slowly progress toward higher speed maneuvers.
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Elastic bands, lunges, and many stepping and footwork
drills can progress toward higher speeds. Over time, repe-
titions and durations of exercise should increase; ensuring
a combination of both submaximal and aerobic training.
The critical element at this time period is endurance activ-
ity to counterbalance muscle fatigue. 

PHASE III:  Return to Activity
Return to activity, on the average, is a bell shaped curve.
The range of return is 12 weeks for the hypo-elastic patient
and up to 12 months for the hyper-elastic patient. On aver-
age, six months serves as our mean time for a safe return
to activity, based on biological healing of the graft. For
return to activity the following objective and subjective
evaluation should occur:

1: Subjective rating on the International Knee 
Documentation Committee (IKDC) scoring system34 as 
compared to pre-injury status 

2: Joint arthrometer score of 3 mm or less (patients above 
this parameter may be held longer) 35

3: Objective muscle scoring within 85% of the 
contralateral extremity36

4: Functional hop scores within 85% of the contralateral 
extremity 37,38

5: Progressive drill re-enactment to simulate activity 
anticipated upon return to sports 

6: Confidence by patient to psychologically perform skill 
specific activity

CONCLUSION
Management of the patient with injury to both the ACL
and the MCL can become complicated and confusing.  As
a number of knee injuries do involve multiple ligaments,
especially in sports, it is important to use a well thought
out program for rehabilitation.  Focus should be placed on
both ligaments, so that rehabilitation of one does not detri-
mentally affect rehabilitation of the other.  This manuscript
presented a treatment approach using an algorithm which
includes focusing on increasing range of motion, develop-
ing normal gait mechanics, reconditioning the muscular
system, and progressing functional return to activity and
sport.   
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